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Socio-Economic and 
Ethical Implications of Various 
Agricultural Biotechnology Interventions 
* K. P. C. Rao 
iotechnology is the appl icat ion of b io logica l methods or processes to 
produce useful products. The ancient Egyptians were credited w i t h 
the invent ion of fermenting beer by using yeast. Indians have been making 
curds by us ing b io log i ca l cultures fo r centuries. Several convent ional 
b io technology processes and approaches are in use in Ind ia . Some of 
them are mentioned below: 
1. Fermentation or conversion of substrates into desired products 
by b io logica l processes. 
2. Downstream processing for recovery of metabolites. 
3. Use of microbes or enzymes for producing value added products. 
4 . Sera, vacc ines and d iagnost ics p roduced by c o n v e n t i o n a l 
methods. 
* Principal Scientist (Agl. Econ), ICRISAT, Patancheru, Andhra Pradesh. 
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5. R e p r o d u c t i o n , a r t i f i c i a l i nsem ina t i on and e m b r y o t rans fe r 
technology for animal breeding. 
6. Methods for f ish spawning induct ion. 
7. Plant cel l or tissue culture. 
8. Biofert i l izers. 
9. Biopesticides. 
10. Shel f l i fe improvement. 
11 . Industr ia l waste treatment. 
12. Plant breeding based on marker aided selection. 
13. Vermi culture 
Farmers have been selecting and sowing the seeds f r o m plants w i t h 
benef ic ia l characters, such as higher y ie ld , better nut r i t ion and resistance 
to diseases and pests etc. 
Unknowing ly , they have been modi fy ing the genetic make up of plants 
a n d a n i m a l s , a l b e i t s l o w l y . T h e p o w e r o f these p r a c t i c e s w a s 
enhanced dramat ical ly in the twent ieth century by breakthroughs in basic 
science of genetics, leading eventual ly to modern hyb r id seed varieties fo r 
important food crops such as maize and by m i d century, to h igh y ie ld ing 
"Green Revolut ion "seed varieties for wheat and r ice. 
In 1973, scientists began engineering recombinations o f D N A molecules 
by moving specific genes carrying desired traits f r om a source organism 
into the D N A of a l iv ing target organism. This genetic engineering technique, 
w h i c h is commonly referred as genetic mod i f i ca t ion ( G M ) , seemed to 
promise not on ly greater range and speed for genetic modi f ica t ion processes 
but also greater control over the outcomes. 
However, i t took more than two decades to develop and commercial ize 
G M crops d u r i n g the mid -n ine t ies o f twen t i e t h century . D u e t o the 
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'permiss ive ' pol icies fo l lowed by Uni ted States, Canada and Argent ina, 
the GIVE variet ies of corn, cot ton, soybean etc., spread rap id ly in these 
countries. But in Europe, where 'green' parties are strong and where a ' 
mad cow disease' crisis in 1996 sensitized the media to food safety issues, 
the GM crop revo lu t ion encountered strong social resistance. European 
Governments are f o l l ow ing 'precaut ionary ' pol icies and have imposed 
separate label ing requirements on GM foods since 1997. These divergent 
pol ic ies t oward GM technologies in the developed countries have now 
created a complicated problem of pol icy choice in the developing wor ld . 
Caught between the bul ls and bears of GM crops, scientists in the developing 
countries are engaged in the task o f max im iz ing the benefits f r o m GM 
crops wh i le keeping the r isks down to the acceptable levels. 
The Green Revolut ion technologies were universal ly accepted wi thout 
much protest or opposit ion. The plant breeding methods that were used to 
evolve h igh y ie ld ing variet ies and hybr ids were considered 'na tu ra l ' as 
there was no transfer of genes across species. Bu t the genetic engineering 
techniques employed in GM crops also involve transfer of genes between 
species and sometimes, even from plants to animals and the vice versa. 
Such a transfer of genes between unrelated species might appear ' unnatural ' 
and ' i m m o r a l ' t o the condi t ioned psyche o f people i n the deve lop ing 
countries. Besides the perceived r isks of GM crops affect ing the health of 
humans and an imals , these ' m o r a l ' or ' e t h i c a l ' concerns about some 
techniques of modern biotechnology such as cloning and genetic engineering 
are cont r ibu t ing to the mount ing opposi t ion to GM crops and modern 
biotechnology. Bu t the eventual acceptance of these technologies wou ld 
depend upon the object ive merits and demerits of these technologies rather 
than on the subject ive feel ings, wh i ch may subside as more and more 
such breakthroughs occur. Bu t , at the moment, the socio-economic and 
ethical concerns about the new agricul tural b iotechnology interventions 
may be l im i t ing their acceptance by the producers and consumers. 
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1. Cost-Benefit Analysis of Biotechnologies 
There are not many studies that attempted a systematic economic analysis 
of d i f ferent b iotechnology innovations. However some rough estimates 
and ex ante economic analyses are available. An attempt is made to collect 
and present these estimates to give an indicat ion of their economic v iabi l i ty . 
Ve rm i compost ing is an effective process of recyc l ing f a r m residues 
by us i ng ea r thworms to increase humus con ten t i n the s o i l . 
Earthworms can convert about 1000 tonnes of moist organic wastes 
into 300 tonnes of r ich dry vermi compost. In 45 to 60 days one Kg 
of earthworms can produce roughly 10 kg of vermi-cast ings. The 
economics of a commercial vermi compost un i t are summarized in 
Table 12 .1 . 
(A) Vermicompost 
Non-Recurring Expenses Rs. 
1. Construction cost of sheds (180 x 6 x 5ft) 60,000 
2. Cost of sprinkler system - 1 HP motor and 
water tank of 250 litres capacity 1,60,000 
3. Borewell, pipes, Pump + 5 HP motor 1,60,000 
4. Electrically operated cutting machine 
including motor 15,000 
5. Cost of planks, spades, Bamboos etc 10,000 
6. Compost storage shed of 1500 s. ft 60,000 
7. Weighing machine, motor cycle, Telephone etc 30,000 
Total 4,95,000 
Table 12.1 Economics of a Vermiculture Unit in 1/2 acre site 
Table 12.1 Contd.. 
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Recurring Expenses Rs. 
1. Salary of a manager and 
a salesman @ Rs 5000/pm 60, 000 
2. 4 labourers to fill 5 trucks daily (annual wages) 96,000 
3. Electricity & water charges 18,000 
4. Cost of Vermi castings for 20 beds @Rs.5/Kg 
(for 2500 kgs) 12,500 
5. Empty gunnies 24,000 
6. Watering charges (Per year) 1,10,000 
7. Cost of 100 tonnes of FYM @ Rs. 500/ ton 50,000 
8. . Other miscellaneous charges 18,000 
Total recurring Expenses 3,88,500 
9. Interest and Depreciation charges on 
non-recurring items @ 25% 1,23,750 
Total Costs 
Revenue from 300 tonnes of 
5,12,250 
Vermi compost @Rs 2/Kg 
Benefit-Cost Ratio = 6,00,000 : 5,12,250 = 1.17.: 1.00 
6 ,00 ,000 
Source : Raw Data drawn from Venkataratnam.L and G. Purushottam reported in 
Mediplorama, 2000 
A commerc ia l scale vermi composting uni t can give a return of 17 
per cent on the investment. 
(B) Biofertilizers 
B i o f e r t i l i z e r s are m i c r o b i a l inocu lants and they enhance c rop 
p roduc t i on th rough improvement in nu t r ien t suppl ies and the i r 
ava i lab i l i ty to crops. The potential benefits f r o m using Rhizobium 
inocu la t ion fo r some legume crops were est imated by W a n i and 
Rao (1996) w i t h the assumption that inocula t ion w o u l d increase 
y i e l d by 10 per cent to 50 per cent of the area under the crop 
(Table 12.2). 
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Table 12.2 : Potential benefits f rom using Rhizobium inoculation 
for selected legumes in Ind ia 
Crop Area 
(million ha) 
Avg. 
Yield 
(Kg/ha) 
Increased 
Yield 
(million 
tonnes) 
Price 
per tonne 
US $ 
Economic 
Benefits 
(million US $) 
Chick Pea 6.46 673 0.22 206.0 45.32 
Pigeon Pea 3.63 663 0.12 235.0 28.24 
Groundnut 8.35 1060 0.44 264.7 116.47 
Moong bean 3.54 482 0.06 235.3 14.12 
Black gram 3.61 521 0.09 233.5 21.18 
Lentil 1.17 662 0.04 206.0 8.24 
Soybean 3.63 856 0.15 200.0 30.00 
Total 1.12 263.57 
Note: 1 US $ = Rs. 48.00 
Source : Wani, S.P. and J.V.D.K. Kumar Rao, 1996 
W a n i and Rao also est imated the potent ia l benef i ts f r o m using 
N 2 - f i x i n g bacter ial fert i l izers fo r some selected cereal crops in India 
(Table 12.3). These estimates were based on the assumption that 
inoculat ion w o u l d increase y ie ld by 10 per cent fo r sorghum and 
pearl mi l le t , 15 per cent for r ice, wheat and maize on 50 per cent of 
the area shown. 
Table 12.3 : Potential Benefits f rom N2 -fixing bacterial ferti l izers 
for selected cereal crops in Ind ia 
Crop Area 
(million ha) 
Avg. 
Yield 
(Kg/ha) 
Increased 
Yield 
(million 
tonnes) 
Price 
per tonne 
US $ 
Economic 
Benefits 
(million US S) 
Sorghum 
Pearl Millet 
Rice 
Wheat 
Maize 
12.9 
9.5 
42.0 
24.9 
5.9 
900 
530 
1880 
2370 
670 
0.58 
0.25 
5.67 
4.43 
0.30 
88.2 
88.2 
105.9 
111.8 
91.2 
51.2 
22.0 
600.5 
495.3 
27.4 
Total 11.23 1196.4 
Note: 1 US $ = Rs. 48.00 
Source : Wani, S.P. and J.V.D.K. Kumar Rao, 1996 
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Al though these potential benefits of b iofer t i l izers in legumes and 
cereals appear to be very high, they w i l l be real ized only when the 
use of b iofer t i l izers in these crops picks up and reaches 50 per cent 
of the area under these crops and the expected y ie ld response of 10 
to 15 per cent material izes. 
Another important biofert i l izer is blue green algae. It is recommended 
for use in r ice crop. An estimate of its economic v iab i l i t y is presented 
in Table 12.4. 
Table 12.4 ; Economics of Blue Green Algae Project (For a unit 
wi th production capacity of 50000 packets of 100 gms each) 
A Project Cost Rs. Lakhs 
1. Factory shed/building 54.50 
2. Plant & Machinery 10.00 
3. Fees for Technical know-how 10.00 
4. Miscellaneous fixed assets 1.67 
5. Preliminary and pre-operative expenses 13.33 
6. Provision for contingencies 7.95 
7. Margin money for working capital 6.66 
Total 104.11 
B. Viability Indicators 
1. Internal Rate of Return 29% 
2. Cash Break Even Point 41.94% 
( i n first year ) 
3. Debt Service Coverage Ratio 1: 1.29 
4. Pay Back Period 7 years 
Source : Technology Profiles circulated at Entrepreneurs' Meet on Biotechnology, 
Hyderabad, 1999 
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Bio-agents l i ke Trichogramma, Chrysopa, Coccinellids, Baculo 
viruses etc., are being mul t ip l ied and supplied to the farmers for the 
control of pests. This is a h ighly capital- intensive act iv i ty requir ing 
huge investments. The project economics of a bio-agents product ion 
fac i l i t y are presented in Table 12.5. 
(C) Bio-Agents 
Table 12.5 : Project Economics of a Bio-agents Production Facil ity 
Project Cost Rs. in Lakhs 
1. Land and Site Development 5.00 
2. Building 24.00 
3. Plant & Machinery 8.50 
4. Miscellaneous fixed assets 8.00 
5. Technical know-how fees 16.00 
6. Pre-operative expenses 6.00 
7. Margin money for working capital 1.50 
8. Contingency/escalation costs 4.00 
Total 73.00 
9. Operating Cost 125.00 
10. Turn Over 
(i) Heliothis NPV 84.00 
(ii) Spodoptera NPV 84.00 
(iii) Trichogramma NPV 84.00 
(iv)Trichoderma 2.00 
Total 254.00 
11. Performance Indicators 
(i) Break Even Capacity 40 tonnes 
(ii) Payback Period 3 years 
(iii) Internal Rate of Return 35% 
Source : Technology Prof i les c i rculated at Ent repreneurs ' Meet on Bio-
Technology, Hyderabad, 1999 
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Several biopesticides are in use today. Biopest ic ide products are 
based on n a t u r a l agents such as m i c r o o r g a n i s m s and f a t t y 
compounds. They are tox ic to targeted pests and do not ha rm 
humans, animals, f ish , birds and beneficial insects.. One of the most 
common microorganisms used in b io log ica l ly based pesticides is 
the Bacillus thuringiensis or B t , bacter ium. Several of the proteins 
produced by the Bt bacteria are lethal to ind iv idual species of insects. 
The European corn borer, one of the most prevalent pests, costs 
the Un i ted States $ 1.2 b i l l i on in crop damage each year. The b io-
pesticides w h i c h are quite effective against this pest can cause a 
considerable saving even if they succeed in preventing 25 per cent 
of the losses. 
As the interest on organic fanning and integrated pest management 
i s g r o w i n g , p l an t o r i g i n insec t ic ides l i k e neem and tobacco 
formulat ions are gaining the acceptance of the farmers. Dur ing the 
last few years, there has been a marked increase in the use of neem 
formulat ions containing Azadirachtin as active ingredient both in 
Ind ia and abroad. In v iew of the growing demand, researchers are 
selecting superior trees (upto 0 .8% Azadirachtin concentration) and 
propagating them through vegetative or tissue culture. A tissue culture 
protocol fo r large scale micro-propagation of neem was developed 
and standardised w i t h the help of wh i ch a mul t ip l i ca t ion rat io of 
1:10 in two and ha l f months t ime was achieved. Farmers are plant ing 
these tissue culture neem clones in degraded lands w i t h a hope to 
reap prof i ts . 
The economics of Neemgold 1500 ppm, a product of SPIC L td . , 
Chennai are presented below in Table 12.6. 
(D) Biopesticides and Plant origin Insecticides 
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Table 12.6 : Economics of Neemgold (1500 ppm per litre) 
Rs. in lakhs 
1. Manufacturing cost 101.55 
2. Market expenses 24.00 
3. Sales Commission 20.00 
4. Royalty 2.00 
5. Excise duty and sales tax 6.15 
Total Cost 153.70 
Expected price 200.00 
Net profit 46.30 
Sou rce : Technology Prof i les c i r cu la ted at E n t r e p r e n e u r s ' . Meet on 
Biotechnology, Hyd, 1999. 
(E) Micro-propagation of Plants 
Micro -p ropaga t ion technology offers genet ica l ly ident ica l plants 
popular ly cal led as clones. The plants produced through tissue culture 
are f ree of diseases, pests and nematodes. M a n y companies are 
successful ly producing tissue culture plants. The economics of a 
tissue culture project which can produce 3 mi l l ion tissue culture plants 
per annum are presented below in table 12.7. This project requires a 
water supply of 25,000 litres per day and a power of 125 HP. 
Table 12.7 : Project Economics of a Tissue Cul ture L a b o r a t o r y 
A. Project Cost Rs. in lakhs 
1. 
2. 
3. 
4. 
Land & Site Development 
Factory Shed/Building 
Plant & Machinery 
Other Fixed Assets 
8.00 
45.00 
75.00 
(i) Green House 
(ii) Electrical 
(iii) Furniture S Fixtures 
15.00 
15.00 
3.00 
5. 
6. 
7. 
8. 
Know-how fee 
Pre-operative Expenses 
Margin Money for Working Capital 
Contingencies and Location 
Total 
25.00 
20.00 
8.00 
10.00 
224.00 
Table 12.7 Contd.. 
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B. Operative Cost Rs. in lakhs 
1. Consumables 10.00 
2. Salary & Wages 16.00 
3. Administrative Costs 9.00 
4. Selling Expenses 4.00 
5. Market Expenses 6.00 
6. Power & Fuel 15.00 
Total 60.00 
C. Economics 
1. Cost of Production/plant at 80% capacity 3.75 
2. Average Selling Price/Plant 5.00 
3. Profit Margin/Plant 1.25 
4. Interna! Rate of Return 25% 
5. Payback Period 5 years 
Sou rce : Techno logy Prof i les c i rcu la ted at En t rep reneurs ' Meet on 
Biotechnology, Hyderabad, 1999 
Genet ical ly modi f ied plants are created by the process of genetic 
engineering that a l lows scientists to move genetic mater ia l between 
organisms w i t h the a im of changing their character ist ics. In the 
absence of sol id data on the impacts of modern biotechnology, some 
ex-ante evaluations are presented below. 
Evenson (1994) evaluated the efforts to introduce insect resistance 
and disease resistance in to r ice under the R ice B io techno logy 
Programme of the Rockfel ler Foundation, wh i ch was in i t ia ted in 
1985. His estimates of the effects or benefits of Rice Biotechnology 
Programmes are presented in Table 12.8. 
(F) Genetic Engineering 
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Table 12.8 : Estimates of Effects or Benefits of the Rice 
Biotechnology Programmes 
Traitor 
Benefit 
Time to Production Area Yield Quantity Value 
Optimistic Conservative 
(million ha.) Increase (%) (m. tonnes) (Billion Rs.) 
Multiple 
Insect 
Resistance 
12 21 37 30 41 8.0 
Multiple 
Disease 
Resistance 
15 22 50 15 27 5.4 
Total Annual 
Benefit 13.4 
Source : Evenson, R.E., 1994 
As can be seen, the estimated annual benefit of using insect-resistant 
and disease-resistant transgenic rice plants in farmers ' f ie lds is 13.4 
b i l l i on dol lars. The benefits are expected to start around the year 
2012 (the mid-point between optimist ic and conservative estimates). 
The Rockfel ler Foundation's investment in the r ice biotechnology 
programme between 1985 to 2012 would be approximately 0.3 b i l l i on 
dollars. The total f inancial support for r ice biotechnology programmes 
f r o m a l l other sources upto 2012 have been estimated to be about 
2.4 b i l l i on dol lars. Thus projected annual benefi t , start ing from the 
year 2012. wou ld be approximately f ive times (13.4 / 2.7) larger 
than the total estimated support by Rockfel ler Foundation and other 
sources between 1985 and 2012. A different way of calculat ing the 
annual benefit / cost rat io after the year 2012 is to d iv ide $13.4 
b i l l i o n ( to ta l annual benef i t ) by $0.15 b i l l i o n (est imated annual 
investment after the year 2012) , wh i ch gives 90 as the benefi t / 
cost rat io. 
Let us assume that the 'Bo l l gua rd ' cotton that Mahyco (Maharashtra 
H y b r i d Seed Company ) - Monsan to Research F o u n d a t i o n is 
(G) Pricing of Biotech Seeds 
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presently testing in the farmers' f ields passes through al l stages of 
testing successfully and gets permission for commercial market ing. 
We further assume that it gives a 10% higher y ie ld than the best 
ru l ing hyb r id in al l the irr igated cotton tracts, besides saving the 
cost of plant protection by Rs.1000 per hectare. The comparative 
economics are worked out and presented in Table 12.9. 
Table 12.9 : A Hypothetical Example of Benefits and Pricing of 
'Bol lguard ' Cotton 
Pricing Ruling Hybrid (Rs) Bollguard(Rs) 
Cost of seed (Rs/ha) 1500 -
Total cost of cultivation other 
than cost of seed (Rs/ha) 15000 14000 
Total returns (Rs/ha)27000 29700 
Farmers' profit before paying 
for seed (Rs/ha) 12000 15700 
Farmers' profit after paying 
for seed (Rs/ha) 10500 
Value addition due to Bollguard - 3700 
S o u r c e : Rao K.P.C. , 2 0 0 0 
Given these hypothetical figures, the question arises as to at what 
level w i l l Bo l lguard seeds, suff icient fo r p lant ing one hectare, be 
priced? We can visualise several alternative scenarios. 
1. The company may pr ice them at Rs. 5200, thereby expropriat ing 
a l l value-addi t ion due to their innovation,, 
2. The company may pr ice them at Rs. 2500, i f i t f igures out that 
the addit ional cost of research and development can be recovered 
by charging an addit ional price of Rs. 1000 per hectare over the 
present ru l ing price. 
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M a n y skeptics th ink that the company may opt fo r scenario ( i ) . In 
their perception, the company wil l fu l l y exploi t its monopoly to corner 
a l l benefits of innovat ion. But in real i ty, the company may not opt 
f o r this scenario because farmers w i l l have no interest in using the 
new seeds i f they do not get any benefit out of their usage. This w i l l 
ser iously constra in the demand for new seeds. Those w h o have 
experience w i t h publ ic sector agencies wou ld w i sh that the company 
w o u l d opt f o r scenario ( i i ) . But any company, w h i c h has taken 
risks and has invested money on an innovat ion, w o u l d not price its 
seeds merely on cost-recovery basis. The company may, instead, 
f o l l o w a middle path and opt for scenario ( i i i ) . I t w o u l d enthuse the 
farmers to t r y the new seeds, as they w i l l share about one-ha l f of 
the benef i t value-added by them. At the same t ime , the company 
w i l l reap good returns on its investment, expand its sales and wou ld 
have interest in further invest ing in the development of n e w b io -
technology products. 
Bu t this scenario w i l l last only fo r a short wh i le . In the long run , as 
the new seeds are adopted by more and more farmers, the supply 
of cotton in the market wou ld increase markedly, causing a fa l l in 
the pr ice of cotton (may be not in absolute terms, but in real terms). 
That is the point when consumers w i l l be gett ing their share of the 
benefit. Bu t i f cotton price fa l ls , the value-addit ion due to innovat ion 
decreases and the company have to reduce its pr ice. Thus, the new 
technology benefits a l l : the company, the seed growers , the farmers, 
and the consumers who use cotton-based products. 
W h i l e t he compan ies m a y come ou t w i t h s e v e r a l n e w 
b io techno log ica l products, a l l may not f i n d acceptance w i t h the 
farmers. For instance, the Roundup Ready (herbic ide resistance) 
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seeds of di f ferent crops may have very l im i ted acceptance in Ind ia , 
because the use of herbicides i tsel f is quite restr icted in the country. 
As more and more biotechnologies are released, the i r economic 
v iab i l i t y w i l l be assessed based on micro- level data. Ex-Poste studies 
w i l l g r o w in number, a l though ex-ante studies also have the i r 
relevance in case of emerging technologies. In any case, farmers 
w i l l on ly adopt those biotechnologies, wh ich are expected or bel ieved 
to g ive a reasonable rate of return on the investments. 
II. CONCERNS ABOUT BIOTECHNOLOGY 
The environmental ists, who are cr i t ical of biotechnology, have been rais ing 
several social , re l ig ious, ethical and biosafety issues, some of wh i ch are 
summarized be low: 
1. Ethical 
( i ) Should we alter the genetic structure of the entire l i v ing k ingdom 
in the name of u t i l i ty and prof i t? 
( i i ) Is there something sacred about l i fe or should l i fe fo rms, inc luding 
humans , be v i e w e d s imp ly as commodi t ies in the n e w b i o -
technological market place? 
(i i i) Do biotechnologists feel that they are masters of nature? Is this 
an i l lus ion constructed on scientif ic arrogance and conventional 
economics ignor ing the complexi ty of ecological processes? 
( i v ) W i l l some countries be plundered for their genetic resources? 
( v ) I s i t p o s s i b l e t o m i n i m i z e e t h i c a l conce rns and reduce 
environmental r isks whi le keeping the benefits? 
(v i ) W h a t w i l l consumers be to ld about the n e w f o o d products 
obtained through biotechnology (Right of the consumer to know)? 
2. Biosafety 
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(v i i ) W i l l food from modi f ied crops be safe? 
(vi i i ) W i l l food f r om modi f ied plants have a dif ferent nut r i t iona l qual i ty 
f r o m that of the food i t replaces? 
( ix ) W i l l mod i f ied plants transfer their introduced genes into w i l d 
relatives growing nearby? 
(x ) Cou ld the planting of a restricted number of cul t ivars lead to a 
reduct ion in b iod ivers i ty and an increase in suscept ib i l i ty to 
diseases? 
3. Social 
(x i ) H o w w i l l the structure o f fa rming (par t icu lar ly i n developing 
countries) be affected by biotechnology? 
(x i i ) H o w w i l l patent laws affect the r ights of t radi t ional breeders? 
(For example, the r ight to save seed f r om one year to the next) 
(x i i i ) W h a t share of publ ic resources (both f inancia l and human) w i l l 
be diverted to biotechnology research? 
4. Economic Competition 
(x iv ) Is the genetic make up of al l l i v ing things a common heritage of 
a l l or i t can be appropriated by some Corporat ions and thus 
become a private property of a few? 
( x v ) W h o gave ind iv idua l companies the r igh t to monopol ise over, 
entire group of organisms? 
In v i e w o f the above concerns expressed by the skeptics o f b i o -
technology, the ro le of the Government as the Regulatory B o d y attains 
i m p o r t a n c e . Some o f the r e g u l a t o r y issues to be addressed by the 
Government are: 
1 . Do cur ren t regu la t ions g i v e su f f i c i en t p r o t e c t i o n to f a r m e r s , 
consumers, those who have invested in research and those engaged 
in research? 
2. Is there suff icient international legislat ion to ensure environmental 
protect ion? 
Regulatory Issues 
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3. Do current regulat ions compromise the compet i t iveness of b i o -
technology companies by being excessively restrict ive? 
4. Label l ing of genetical ly modif ied crops 
5 . F inanc ia l investment by the government and industr ies in b i o -
technology. 
6. N e e d to ensure transfer of technology to farmers and access to 
seeds. 
/ / / . EQUITY ISSUES 
Another debate that is tak ing place in the country is about the class of 
farmers that w o u l d benefi t f rom the new biotechnology innovations. Some 
argue that only the r i ch farmers wou ld benefit f r om the innovat ion because 
poor farmers w i l l not have the abi l i ty to invest, nor the ab i l i t y to take r isk 
w i t h a new technology. Some others argue that; since the biotechnology 
innovations can be cost-saving, they wou ld benefit the smal l farmers also. 
W h i l e these conf l ic t ing v iews are being voiced, the f i rs t group of analysts 
is apprehensive that the income distr ibution w i l l worsen, and the second  
group of analysts expects that i t would improve. 
The experience of Green Revolut ion was that the r i ch farmers could 
reap the ea r l y ga ins f r o m the new techno log ies . B u t subsequent ly , 
ins t i tu t iona l mechanisms l i ke custom h i r ing of t ractors, water purchase 
from tube wel ls etc., made the new technologies accessible even to the 
resource-poor farmers and they also shared the benefi ts of technology, 
a lbei t , a l i t t le later. A s imi lar trend may appear in case of biotechnology 
products as we l l . It is also established that whenever technology benefits 
the farmers, the demand for labour as wel l , as the wage rates paid to them 
also increase. The secondary effects of technology con t r ibu ted to the 
improvement of ver t ica l income distr ibut ion. But , the Green Revolut ion 
technologies were noted to have increased the hor izontal income inequalit ies 
between i r r igated and ra infed areas. W i l l the same experience be repeated 
w i t h biotechnological innovations? 
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Has biotechnology something to offer to people l i v ing in the i l l -endowed 
regions? So far, biotechnology innovations have concentrated largely on 
insect-resistance and herbic ide-tolerance. I l l - endowed regions l i ke dry 
lands, sal ine-alkal ine soils, degraded lands etc., wou ld need tolerance to 
abiot ic stresses to be bu i l t into seeds. The famous Dr. Anand Chakravarthy 
case relates to the invention of a microorganism that could eat up o i l spil ls. 
A l though there are no indications to that effect as yet , we may, by the 
same token, imagine microorganisms that can convert sal ine-alkal ine soils 
in to fe r t i l e f ields. I t may be ment ioned that a Calcut ta-based scient ist 
recently c la imed to have introduced successfully a salt-tolerant gene f r om 
the w i l d r ice g r o w n on the seacoast into cult ivated varieties of r ice. This 
success may be the f i rst step in the evolut ion of h igh y ie ld ing r ice varieties 
w i t h the salt tolerance bu i l t into them. I f such innovat ions mater ia l ize , 
biotechnology can reduce even hor izontal income inequalit ies by aiding the 
development of backward regions and areas. 
IV. RELIGIOUS BELIEFS AND DIETARY 
RESTRICTIONS 
As modern biotechnology involves transfer of genes across species and 
even from plants to animals and the vice versa, certain rel igious sentiments 
and dietary restrict ions of the people may come in the way of adoption of 
some b i o t e c h n o l o g i e s , even w h e n they can y i e l d h i g h p a y - o f f s t o 
investments. Transfer of any animal genes to plants may cause an alarm to 
the str ict vegetarians. Transfer of any genes from cows or pigs to plants 
or other an imals may cause resentment among H i n d u s and M u s l i m s 
respect ively wh i l e consuming the modi f ied food substances. Bu t , vaccines 
or insul in developed from animal tissues are being accepted for medic inal 
purposes by the vegetarians. Going by this example, there may not be any 
opposit ion to GM foods on rel igious grounds. However, the misch ie f that, 
fundamental ist forces of any hue or shade can play through orchestrated 
campaigns should not be underestimated. T ime and experience can only 
te l l whether or not the rel igious sentiments and d ietary restr ict ions can 
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hinder the acceptance of GM foods. The only way to blunt such campaigns 
is by w a y of education and informed discussions that an int roduct ion of a 
single gene f r o m somewhere would not alter the taste or composi t ion of 
the f oo d substances. 
V BUILDING PUBLIC AWARENESS AND DEBATE 
In a democrat ic society, awareness campaigns and debates are necessary 
to appreciate the in tent ions and purpose o f b io technolog is ts . M o d e r n 
biotechnology has opened up the possibil i t ies to reduce po l lu t ion and to 
improve the health and nut r i t ion of human-beings. Even now, the funct ional 
l iterates constitute a smal l minor i ty in the country. For centuries, people 
have l i ved w i t h rel igious beliefs and superstitions. To make them appreciate 
the scienti f ic inventions and discoveries, sk i l l fu l campaigns are necessary. 
Over the last 54 years after independence, some headway was made in 
this regard. W h e n Mashur i variety of r ice was introduced, there was an 
apprehension that i ts consumpt ion causes knee- jo in t pa in . B u t after a 
decade, consumers have g iven i t the top preference for consumption. H o w 
the in i t i a l object ion was overcome ? Just by educat ion and experience. 
Consumers also bel ieved that food grown w i t h chemical fer t i l izers does 
not have the same nut r i t i ve value as that g rown w i t h organic manures. 
Bu t , later this resistance was overcome. Of course, n o w the issue has 
completed a f u l l c i rc le w i t h the quali ty experts and r i ch consumers preferr ing 
organical ly g rown food that does not have any residues of pesticides. The 
farmers and consumers may also accept GM foods in the same w a y as 
long as it is proved that they do not have any deleterious effects on health 
and nut r i t ion of humans, animals and plants. The reduct ion in pesticide 
use should lead to a lower level of residues and to a posi t ive preference of 
GM foods, i f last ing resistance to pests and disease can be bu i l t into plant 
varieties through modern biotechnology. 
Experiences with Green Revolution 
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Soc ia l sc ient is ts , who should cont r ibu te to the debate and pub l i c 
awareness of GM foods, have to adopt as neutral a stance as possible. 
L i ke any other section of the society, some of them may tend to sweep 
aside the risks in order to accelerate the mater ia l izat ion of benefits to the 
pub l i c , w h i l e some others may exaggerate the r isks and downp lay the 
benefits of modern biotechnology. Despite such extreme posit ions taken 
by some ind iv idual social scientists, the overwhelming major i ty of social 
scientists are expected to take a dispassionate and object ive v iew of this 
contentious issue, 
In less developed countries l i ke India, people st i l l spend a considerable part 
of their income on food (about 30 to 50 per cent). In the developed countries 
of Europe, food expenditures are below 10 per cent of the tota l expenditures. 
I f the genetic engineering technologies can reduce the uni t cost of food 
substances by 10 per cent, i t may not mean much to European consumers, 
bu t the same can improve the access to food in case of consumers of 
developing countries, part icular ly in case of those be low the poverty l ine. 
Poor people are known to take greater risks for surv iva l and development 
than the r ich . In v iew of these we l l -known facts, the GM foods may be 
accepted better in developing countries, i f i t is proved that they have bo th 
cost - reduc ing and health-enhancing propert ies. N o t w i t h s t a n d i n g these 
sty l ized facts, a proper assessment of safety of GM foods is absolutely 
necessary. Bo th the testing processes and science-based debates should 
be as transparent and impart ia l as possible. 
Better Chances of Acceptance of GM foods 
Farmers ' Organizat ions, Consumer Associat ions and Non-governmenta l 
Organizat ions should also be involved w i t h the implementat ion of effective 
biosafety protocols. Presently, we are re ly ing on tox ico logy institutes for 
this purpose. We need separate institutions to look at tox icology and biosafety 
Infrastructure for Biosafety Tests 
123 
Biotechnology for Sustainable Agriculture 
aspects of agr icu l tura l products. We have developed such protocols fo r 
drugs and to some minor extent fo r industr ial pesticides and chemicals but 
noth ing at a l l fo r b io log ica l products. Today, the drug industry in developed 
countries produce 60000 to 80000 new molecules every month that go 
through 30 dif ferent tests. They are screened cell-based and each of them 
costs about 20 to 30 m i l l i o n dol lars to buy. I f the I nd ian Counc i l o f 
Agr icu l tu ra l Research ( I C A R ) or State Agr icu l tura l Universi t ies buy those 
Cell-screening Systems, large numbers can be screened very quickly, instead 
of using animal systems and then wai t for an extended per iod of t ime to 
get the f ina l results. India also lacks a smooth and fast protocol f o r f i e ld 
t r ia ls- of t ransgenic plants before they can be released commerc ia l l y . 
S imi lar ly , we don ' t have adequate standards for animal biotechnology. 
A f t e r s t rengthening in f ras t ruc ture and protoco ls f o r a speedy and 
comprehensive assessment of biosafety, the results are to be shared w ide ly 
w i t h t he s takeho lders . O f course, there i s one p r o b l e m i n case o f 
biotechnological innovations. W i t h the strengthening of intel lectual property 
r ights ( IPRs) as required by the Wor ld Trade Agreement ( W T A ) , there is a 
lo t of awareness and interest in patenting the products and processes rather 
than in publ ish ing the results. Of course, disclosure is a pre-condi t ion for 
grant o f any forms o f IPRs. But the lure o f commercia l exp lo i ta t ion o f 
new products and processes may delay the ava i lab i l i t y of results to the; 
common publ ic . N o t wi thstanding this l im i ta t ion , there is a continuous 
need to publ ic ize the results as early as possible to clear the misconceptions 
and prejudices of the publ ic bui l t on rumour and ignorance. 
Some self-styled environmentalists have seen violence in the green, blue 
and wh i te revolut ions ushered in the past f e w decades. Bu t i t is these 
revolut ions that have averted a ' red ' revolut ion by increasing the physical 
f o o d ava i l ab i l i t y faster than the popula t ion g r o w t h a n d ' b y mak ing i t 
economical ly accessible to the vulnerable sections of populat ion through 
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the reduction in the real costs of food articles. It is an i rony that scientists 
responsible fo r green, blue and wh i te revolut ions are remembered and 
admired much less than these self-styled champions of peoples' interests. 
Two centuries of slavery and the resultant scourges of poverty, i l l i teracy, 
inequal i ty and dependency have provided fert i le grounds for sowing the 
seeds of doubt by these professional agitators to reap the benefits of fame 
and recognit ion. This is not to ignore or to sweep aside the problems of 
resource and env i ronmenta l degradat ion that have assumed a la rm ing 
proport ions because of wrong prior i t ies and deferred investments. In fact, 
considerable resources should be allocated to rejuvenate the basic resources 
and environment to their past glory. But in this effort, we should use al l the 
advances in science and technology to keep up the increased and diversi f ied 
supplies of food and other articles wh i le simultaneously restoring resources 
to the p ink of their health. In a resource - scarce country l ike India, we 
can i l l af ford to ignore the cutt ing edge technologies that are advancing by 
leaps and bounds in other parts of -the wor ld . 
For a N a t i o n fed on the slogans of social ism and publ ic sector, pr ivate 
sector and pro f i t are not decent words. But we have long real ized that the 
pub l ic sector fa i led us and that the egal i tar ian society was on ly a dream 
that was never achieved. The new economic pol ic ies of l i be ra l i za t ion , 
p r iva t iza t ion and g lobal izat ion are gett ing a fa i r t r ia l . In spite of some 
problems caused by the Wor ld Trade Agreement, the country is learning to 
face, negotiate and grapple w i t h the issues related to internat ional trade. 
The en t ry o f m u l t i - n a t i o n a l corporat ions ei ther by themselves o r i n 
partnership w i t h local f i rms is a fact that we should reckon w i t h . His tory 
is replete w i t h examples that the social returns f r om technologies are much 
h igher than the p r i va te returns expropr ia ted by any f o r m o f p r i va te 
organization. Of course, monopolies resulting f rom mergers and acquisitions 
are a cause of concern. We should try to increase compet i t ion in the game 
of invent ion by investing heavi ly in the publ ic sector laboratories and in 
Fear of the Multi-National Corporations 
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t ra in ing and encouraging the promising scienti f ic workers in the f ie ld of 
Biotechnology. Strengthening of Intellectual Property Rights wou ld motivate 
and aid the processes of technology generation. W h i l e emphasizing on the 
need for adequate testing of biotechnology outputs, we should not develop 
a p re jud iced v i e w against the pr ivate companies or, f o r that matter, 
mult inat ional companies. The government should ensure that the free choices 
of producers and consumers wou ld prevail . Safe products of biotechnology 
research, i f found to be hav ing the potent ial to increase output and to 
reduce cost and pol lu t ion should be welcomed irrespective of the source 
o f their or ig in. 
VI. KEY MESSAGES 
Some key messages that should f i n d a place in the pub l i c awareness 
campaigns for scientists, po l icy makers, N G O s , extension workers, farmers 
and consumers may be summarized as fo l lows: 
1. Science and techno logy have u n l i m i t e d po ten t ia l to solve the 
problems plaguing our society. 
2. Human societies have always opposed new discoveries due to the 
fear o f unknown. 
3. Noth ing should be pre-judged based on prejudice or fear. 
4. Technologies that perform wel l w i l l eventually be accepted by the 
society. 
5. Adequate and comprehensive testing of new products is necessary. 
6. Stakeholders have a r ight to know al l the pros and cons of a new 
technology. 
7. Heal thy debate leads to a resolution of conf l ic t ing perceptions and 
to the emergence of a consensus. 
8 . Soc ia l and m o r a l concerns may l i m i t the acceptance o f n e w 
technologies. 
9. Object ive facts w i l l eventually score over subjective beliefs. 
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10. Socia l returns f r o m technologies are much h igher than pr iva te 
benefits. 
11. P r io r i t y sett ing in research can lead to a better focus ing on the 
needs of the poor. 
12. A l l sections of society w i l l eventually benefit f r om new technologies, 
al though they may be received by a part icular section in the f i rs t 
instance. 
13. A l i b e r a l and democrat ic society is the best bet f o r i n f o r m e d 
discussion and rat ional choices. 
14. Regulatory bodies should carry out their jobs in a str ict, impart ia l 
and transparent manner. 
15. Ex-Ante and Ex-Poste evaluations of new technologies are needed 
for rat ional decisions. 
16. Compet i t ion and rewards are necessary to support invent ive activity. 
17. Competitiveness has to be improved along w i t h qual i ty of products. 
18. By developing legal and inst i tut ional safeguards, conf l ic ts in the 
interests of di f ferent sections can be resolved. 
19. Socio-cul tural development of have-nots is as much important as 
their economic empowerment. 
20. Widespread va l ida t ion is needed for adopt ion and adaptat ion of 
technologies by the farmers. 
VI. STRATEGIES TO REACH TARGET GROUPS 
In a dif ferentiated and mult i - layered society l ike I nd ia , a combinat ion of 
strategies is required to take the messages to al l sections of the populat ion. 
Some of them are : 
1. W ide spread testing and val idat ion of research results is required to 
evolve technologies relevant for different sections of the farmers. 
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2. Demonstrat ions of proven technologies are necessary to convince 
the farmers. 
3. Awareness campaigns about new but proven methods through mass 
media are necessary to develop interest in them. 
4. Subsidizing organic inputs and promot ion of environment-fr iendly 
me thods o f p r o d u c t i o n w i l l h e l p i n e a r l y a d o p t i o n o f n e w 
technologies. 
5. Tra in ing and sk i l l development can have h igh pay-offs in the long 
run . 
6. Producers / consumers associations and clubs to discuss and debate 
about new technologies. 
7. Farmers can be involved in research init iat ives in a partnership or 
part ic ipatory mode. 
8. Contractual arrangements between companies and farmers to ensure 
supply of qual i ty inputs and processing faci l i t ies. 
9 . N o n - g o v e r n m e n t a l organizat ions to complement the e f fo r t s o f 
governmental agencies in publ ic awareness campaigns and debates. 
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